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PREFACE 

This  semiannual  report  describes  work  performed  for  the  Center 
for  Communications  Systems,  Multichannel  Transmission  Division, 
CORADCOM  by  ITT  Electro-Optical  Products  Division  under 
contract  DAAB07- 78 -C- 2922 ,  awarded  from  Fort  Monmouth, 

New  Jersey.  The  effort  is  directed  toward  fulfilling  objectives 
of  "Technical  Guidelines  for  Development  of  Ultra  Low  Loss 
Optical  Fiber  Cable  Assemblies,"  dated  December  1976,  and  in 
general  support  of  the  U.S.  Army's  fiber  optic  development 
program. 

The  ITT  Cannon  Electric  Division  is  a  subcontractor  to  this 
effort  under  the  guidance  of  ITT  EOPD  for  the  required  connector 
development . 

The  U.S.  Army  project  engineer  for  this  effort  is  Mr.  J.  W. 
Strozyk  of  the  Fiber  Optics  Team  (DRDCO-COM-RM- 1) . 

The  period  of  performance  covered  under  this  report  was 
December  1978  through  July  1979.  The  initial  draft  was  sub¬ 
mitted  for  approval  on  October  9,  1979. 
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1.0  INTRODUCTION 

The  objective  of  the  Ultra  Low  Loss  Optical  Fiber  Cable 
Assemblies  Contract  (DAAB07-78-C-2922)  is  to  develop  optical 
fiber  cable  assemblies  for  the  Army  tactical  field  data 
transmission  at  20  Mb/s  over  8  km  without  repeaters. 

The  contract  effort  includes  the  development  of  rugged  cable, 
hermaphroditic  cable  connectors,  and  bulkhead  connectors  which 
are  simultaneously  optimized  for  Army  tactical  field  applications 

The  cable  development  was  centered  on  three  cable  designs  which 
were  submitted  to  CORADCOM  in  the  cable  design  plan.  The  con¬ 
nector  effort  was  divided  into  two  approaches  -  jewel  ferrule 
connector  and  adjustable  three-sphere  connector.  One  of  these 
approaches  would  be  selected  during  a  critical  design  review, 
scheduled  for  July  1979.  Unexpected  fiber  variations  forced 
a  change  from  a  critical  design  review  to  a  program  review 
which  was  scheduled  for  August  1979.  The  main  issues  to  be 
addressed  were  the  low  temperature  fiber  attenuation  increases, 
fiber  bend  sensitivity,  fiber  diameter  control,  and  brittleness 
that  affect  characterization  of  the  connector  designs.  All 
of  these  issues  are  being  analyzed  for  action  in  the  next 
reporting  period. 
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1.1  Work  Planned  for  This  Reporting  Period 

The  following  work  was  conducted  during  this  reporting  period: 

a.  Complete  fabrication  of  preliminary  design  model  (PDM) 
cable 

b.  Submit  preliminary  design  model  (PDM)  cable  samples 

c.  Fabricate  fibers  for  exploratory  development  model 
(EDM)  cables 

d.  Submit  test  plan 

e.  Fabricate  exploratory  development  model  of  the 
three-sphere  connector 

i 
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2.0  PRELIMINARY  DESIGN  MODELS  (PDMs) 

This  section  covers  the  description,  construction,  and 
evaluation  of  the  PDM  cable  samples. 

2.1  Optical  Fibers 

The  light  transmitting  elements  of  the  cable  are  the  graded- 
index  optical  fibers  (Figure  2-1)  consisting  of  a  glass  core 
(germanium,  phosphorus,  and  boron  dopants)  and  a  glass 
cladding  (germanium,  phosphorus,  and  boron  dopants).  To 
preserve  the  mechanical  strength  of  the  glass  fibers,  they  are 
coated  with  plastic  buffers,  the  buffer  being  a  solid  plastic 
coating  surrounding  the  optical  fiber. 

The  graded- index  optical  fibers  are  to  meet  the  following 
specifications  at  0.82-ym  wavelength  after  proof  loading 
at  100,000  psi: 


a. 

Fiber  core 

56  ym  ±5  vm 

b. 

Fiber  outside  diameter 
(od) 

125  pm  ±6  ym 

c. 

Attenuation 

£5.0  dB/km 

d. 

Dispersion 

<2.0  ns /km 

e . 

Numerical  aperture  (NA) 
(901  power) 

>0.14 

.Roanoke,  Virginia. 
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2.1.1  Primary  Buffer 

A  room  temperature  vulcanizing  (RTV)  silicone  protective 
coating,  Dow  Corning  Sylgard®184,  is  applied  by  dipcoating 
to  a  finished  diameter  of  300  pm  immediately  after  drawing. 

This  protective  coating  guards  the  fibers  from  any  initial 
handling  or  foreign  substances  that  may  damage  or  reduce  the 
quality  of  the  product  and  is  compatible  with  the  buffering 
materials.  Sylgard®184  is  used  because  of  the  ease  in  stripping 
this  material. 

2.1.2  Secondary  Buffer 

All  fibers  have  a  Hytrel ® 7246  buffer  layer  for  additional 
protection.  The  layer  is  tubing  extruded  to  a  finished 
diameter  of  0.5  mm.  An  additional  layer  is  pressure  extruded 
to  1.02  mm  to  provide  the  rugged  mechanical  and  environmental 
performance.  All  fibers  were  manufactured  between  December 
1977  and  October  1978. 

2.1.3  Center  Filler 

The  center  filler  element  of  the  cable  was  varied  in  the 
three  designs  as  follows : 

a.  Design  1  *  Optical  fiber 

b.  Design  2  -  Nylon  monofilament 

c.  Design  3  -  Polyurethane  (E-80)  coated  Kevlar®  49 
(380  denier) 

_ Roanoke,  Virginia _ 
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2.1.4  Polyurethane  Inner  Jacket 

The  polyurethane  inner  jacket  is  extruded  after  the  cabling 
operation.  The  polyurethane  used  is  Roylar  ®E9-B,  a  poly¬ 
ether  based  compound,  manufactured  by  Uniroyal.  It  is 
chosen  because  of  its  extreme  toughness,  abrasion  resistance, 
low  temperature  flexibility,  resistance  to  hydrolysis,  fungus 
resistance,  and  excellent  stability  to  atmospheric  conditions. 
This  jacket  supplies  support  for  the  fiber  making  up  the  cable 
core  and  provides  a  buffer  layer  between  the  fiber  and  Kevlar*^ 
reducing  abrasion. 


2.1.5  Kevlar ® Strength  Member 

Kevlar®  49  has  been  chosen  as  the  strength  member  for  this 
application  because  of  its  strength  versus  weight  and  durability. 
A  total  of  18  yarns  (1420  denier)  is  applied  helically  with  a 
10.1  cm  (4.0  in)  lay  length.  The  lay  length  was  selected  to 

(IT 

be  greater  than  that  of  the  fibers  to  ensure  that  the  Kevlar ^ 
takes  the  tensile  load.  The  strength  member  will  provide 
181.8  kg  (400  lb)  tensile  strength  at  1%  elongation.  One 
percent  elongation  is  the  100  kpsi  fiber  proof  test  level. 
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2.1.6  Polyurethane  Outer  Jacket 

The  outer  jacket  material  is  identical  to  the  inner  jacket. 
Figures  2-2  through  2-4  show  the  cable  construction  for 
the  three  PDMs. 

2.2  Optical  Evaluation 

The  attenuation  and  dispersion  of  the  three  PDMs  were  measured 
with  results  indicated  in  Table  2-1.  The  values  are  higher 
than  5.0  dB/km  attenuation  and  2.0  ns/km  dispersion  guidelines 
established  for  this  program.  The  purpose  of  the  PDMs  was  to 
examine  various  cable  geometry  and  not  to  strive  for  best 
optical  characteristics .  The  optical  performance  will  be 
further  addressed  in  the  exploratory  development  models  (EDMs) 
The  attenuation  measurement  error  due  to  injection  conditions 
is  multiplied  on  short  length  samples  with  error  deviation 
uncertainty.  A  description  of  the  attenuation  and  dispersion 
measurement  technique  is  located  in  Appendixes  A  and  B. 

2.3  Submit  PDM  Cable  Samples 

All  three  PDMs  were  shipped  after  completing  the  optical 
evaluation. 
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OPTICAL  FIBERS 


Design  2  -  Ultra  Low  Loss  Fiber  Optic  Cable. 


Design  3  -  Ultra  Low  Loss  Fiber  Optic  Cable. 


Design 

1 

(303  m) 


2 

(353  m) 


3 

(275  m) 


Table  2-1.  Optical  Characteristics 

of  Preliminary  Design  Models. 


Fiber 

Attenuation 
@0.85  fdB/knrt 

Dispersion 
@0.9  (ns/km) 

1 

6.22 

2.09 

2 

6.33 

1.53 

3 

6.05 

2.92 

4 

7.31 

2.79 

5 

6.56 

1.53 

6 

9  .61 

4.73 

7 

7.29 

2.32 

1 

6.11 

2.38 

2 

5.99 

3.52 

3 

6.56 

2.07 

4 

5.49 

1.31 

5 

5.59 

1.17 

6 

6.39 

3.42 

1 

8.35 

2.04 

2 

7.98 

2.01 

3 

8.38 

2.71 

4 

8.98 

2.10 

5 

9.83 

2.44 

6 

9.05 

1.61 
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3.0  EXPLORATORY  DEVELOPMENT  MODELS  (EDMs) 

This  section  covers  the  description,  construction,  and 

evaluation  of  the  EDM  cable  samples. 

3.1  Test  Plan 

The  EDM  cable  test  plan  was  submitted  and  approved  for  this 
phase . 

3.2  Optical  Fibers 

All  the  optical  fibers  used  in  these  cables  are  specifically 
fabricated  for  the  program.  The  fibers  were  manufactured 
between  November  1978  and  February  1979.  The  fibers  were 
buffered  to  1.02-mm  diameter  with  Hytrel®  7246.  All  EDM 
fibers  were  measured  while  strung  between  two  drums  with  a 
center  line  distance  of  10  m.  This  evaluation  procedure 
eliminates  spooling  losses  and  is  a  true  measure  of  the 
intrinsic  attenuation.  The  dimensional  measurements  for  all 
fibers  are  listed  in  Table  3-1. 

3.3  EDM  Cable  Designs 

The  three  cable  samples  were  fabricated  in  accordance  with 
the  cable  design  plan  and  have  specifications  as  indicated  in 
Figures  2-2  through  2-4.  The  EDM  cable  samples  were  fabricated 
using  Uniroyal  Roylar®E-80  polyurethane  for  the  jacket  layers 
because  of  its  better  low  temperature  flexibility. 

- _ Roanoke,  Virginia _ _ 


Table  3-1.  Dimensional  Measurements  of  EDM  Cable  Samples. 


Core 

Diameter  (ym) 

Cladding 

Diameter  (urn) 

Design  1 

SOP1 

t 

EOP** 

SOP* 

EOP** 

Center 

57  x 

61 

63  x 

67 

122 

135 

1) 

Yellow 

57  x 

60 

57  x 

59 

127 

131 

2) 

Orange 

59 

59 

127 

129 

3) 

White 

58 

59 

127 

129 

4) 

White 

54 

50 

125 

123 

5) 

White 

53  x 

57 

56  x 

57 

125  x  129 

127 

6) 

White 

64  x 

67 

56  x 

59 

140 

125 

Design  2 

1) 

Yellow 

53  x 

55 

56 

125 

129 

2) 

Orange 

56 

56 

125 

125 

3) 

White 

57 

59  x 

56 

122  x  127 

125 

4) 

White 

60  x 

61 

57  x 

59 

125  x  129 

127  x  129 

S) 

White 

52  x 

54 

57  x 

60 

122  x  125 

119  x  125 

6) 

White 

53  x 

56 

53  x 

55 

125 

127 

Design  3 

1) 

Yellow 

56 

56  x 

58 

123  x  125 

125 

2) 

Orange 

58  x 

61 

61 

123 

127 

3) 

White 

59 

59 

125  x  127 

127  x  129 

4) 

White 

60  x 

61 

59  x 

61 

119 

125  x  127 

5) 

White 

61 

62 

123 

127  x  129 

6) 

White 

60  x 

61 

59 

125 

127  x  129 

*Start  of  pull,  bottom  of  spool. 

**End  of  pull,  top  of  spool. 
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3.4  Optical  Measurements 

The  measurement  technique  used  for  the  PDMs  and  the  EDMs  is 
identical  as  indicated  in  Appendix  A  and  B. 

3.4.1  Attenuation 

Table  3-2  shows  the  attenuation  measured  at  0.82-ym  wavelength 
and  0.089-injection  NA  for  each  fiber  in  designs  1,  2,  and  3. 

It  also  shows  the  initial  fiber  attenuation  as  well  as  the 
excess  cabling  loss.  The  average  attenuation  of  design  1  was 
4.34  dB/km,  design  2  was  4.36  dB/km,  and  design  3  was  4.43  dB/km. 
The  average  attenuation  increase  in  all  fibers  was  0.53  dB/km. 
Table  3-3  shows  the  attenuation  of  the  three  cable  designs 
at  0.82-,  0.85-,  1.05-,  1.09-,  1.1-,  1.2-,  1.3-,  and  1.4-ym 
wavelengths  with  0.089-injection  NA  and  the  dispersion  at 
0.9-ym  wavelength. 

The  statement  of  work  on  this  contract  does  not  require 
measurements  at  wavelengths  longer  than  1.05  um,  but  since 
CORADCOM  demonstrated  interest  in  long  wavelength  transmission, 
ITT  evaluated  the  cables  at  1.09,  1.1,  1.3,  and  1.4  um. 

The  attenuation  of  the  three  cable  designs  was  measured  with 
injection  NA  settings  of  0.089,  0.124,  0.176,  and  0.243  at 
0.82-ym  and  1.2-um  wavelengths  respectively,  as  shown  in  Tables 
3-4  and  3-5. 


Table  3-3.  Attenuation  Versus  Wavelength  (dB/km) . 
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Attenuation  Versus  Injection  NA 
(Wavelength  8.2  mhi)  . 
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The  attenuation  at  each  of  the  remaining  wavelengths  was 
measured  at  an  injection  NA  of  0.089.  The  single  NA  was 
selected  to  avoid  changing  injection  NA  conditions  at  each 
wavelength,  thereby  possibly  introducing  input  variation 
between  the  short  and  long  length  measurements.  While  the 
0 . 089 -injection  NA  is  substantially  less  than  the  NA  of  the 
fiber,  Kaiser1  has  reported  that  low  NA  injection  of  similar 
graded  index  fibers  results  in  a  modal  distribution  closer 
to  "steady  state"  conditions  than  that  achieved  with  higher 
injection  NAs .  Further,  the  0.089  NA  is  selected  to  avoid 
excess  transient  losses  introduced  by  modal  over-excitation 
in  short  lengths  of  graded  index  fibers.  These  leaky  modes 
may  be  propagated  through  the  borosilicate  cladding  layer. 


Once  the  output  through  the  long  length  was  measured  at 
the  specified  wavelengths,  the  fiber  was  cut  at  a  distance 
of  1  m  from  the  injection  end.  A  new  end  was  prepared  on 
the  output  end  of  the  reference  length  and  the  measurement 
repeated  for  the  short  length. 


1P.  Kaiser,  "NA-Dependent  Spectral  Loss  Measurements  of  Optical 
Fibers,"  Transactions  of  the  Inst  of  El  and  Comm  Eng,  Japan, 
March  1973T 
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3.4.2  Attenuation  Results 

The  data  in  Table  3-2  indicates  that  at  least  one  fiber  in 
each  design  has  a  high  cabling  loss  (£1.0  dB/km)  .  These 
excess  cabling  losses  are  attributed  to  fiber  bend  sensi¬ 
tivity  which  is  being  examined  and  characterized. 

3.4.3  Numerical  Aperture 

The  90%  power  point  NA  was  measured,  and  it  is  reported  in 
Table  3-6.  The  90%  power  NA  is  determined  by  first  measuring 
the  fiber  output  close  to  the  detector.  Then  the  fiber  is 
moved  away  from  the  detector,  reducing  the  detector  field  of 
view.  At  the  point  where  the  output  drops  10%,  the  detector- 
fiber  separation  is  recorded  and  the  cone  angle  containing  90 
of  the  power  calculated.  The  large  variation  in  results  on 
some  fibers  is  caused  by  diameter  fluctuations  along  the 
fiber  length. 

3.5  Mechanical  Tests 

The  EDM  cables  were  subjected  to  the  mechanical  tests  of 
MIL-C-13777,  paragraphs  3.7.1  and  3.7.2.  These  tests  were 
performed  at  ambient  temperatures  of  +21°C,  -54°C,  and  +71°C. 


I! 

f-  : 

Table  3*6.  Numerical  Aperture  (90%  Power). 


Fiber  # 

Cable  Design  1 

Cable  Design  2 

Cable  Design  3 

1)  Yellow 

.21  • 

.19 

.19 

2)  Orange 

.19 

.20 

.20 

3)  White 

.19 

.20 

.21 

4)  White 

.20 

.21 

.20 

S)  White 

.17 

.21 

.21 

6)  White 

.20 

.20 

.15 

Center 

.20 

-  - 

Design  1  -  1091  meters,  optical  fiber  center  element. 

Design  2  -  1099  meters,  nylon  monofilament  center  element. 

Design  3  -  1100  meters,  polyurethane  coated  Kevlar ^  center 
element. 


* 

f 

A 
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3.5.1  Impact  Resistance 

This  test  was  performed  in  accordance  with  paragraph  3.7.2 
of  MIL-C-13777F  at  ambient  temperatures  of  +21°C,  +71°C,  and 
-54°C.  The  results  are  shown  in  Table  3-7. 

The  100%  survivability  goal  was  achieved  in  all  three  designs 
at  +21°C  and  +71°C.  Designs  2  and  3  also  met  this  goal  at 
-54°C.  Cable  design  1  had  one  broken  fiber  in  one  of  the 
six  samples;  this  brought  the  percentage  of  surviving  fibers 
to  97.6%  after  200  impacts  at  a  load  of  0.415  kg-m  when 
tested  at  -54°C. 

3.5.2  Bend  Test 

The  bend  test  was  performed  at  +21°C,  +71°C,  and  -54°C,  in 
accordance  with  MIL-C-13777,  paragraph  3.7.2.  Table  3-8 
shows  the  performance  of  the  cabled  fibers  during  the  test. 
Continuity  was  monitored  during  the  test  with  no  fiber 
failures  observed. 

The  goal  of  100%  surviving  fibers  after  2000  cycles  was 
achieved  with  all  three  cable  designs. 


Table  3-7. 


Impact  Resistance. 


Cable 

Desisn 

Temperature 

(CO) 

#  of 

Cabled  Fibers 

Transmitting/ 

Broken 

1  Surviving 
Fibers 

1 

♦  21 

42 

42/0 

100 

♦71 

42 

42/0 

100 

-54 

42 

41/1 

97.6 

2 

♦21 

36 

36/0 

100 

+71 

36 

36/0 

100 

-54 

36 

36/0 

100 

3 

+21 

36 

36/0 

100 

♦71 

36 

36/0 

100 

-54 

36 

36/0 

100 

Design  1  -  Optical  fiber  center  element. 

Design  2  -  Nylon  monofilament  center  element. 

dT 

Design  3  -  Polyurethane  coated  Kevlar  center  element. 


Table  3-8.  Bend  Test. 


Cable 

Design 

Temperature 

CC°1 

#  of 

Cabled  Fibers 

Transmitting/ 

Broken 

1  Surviving 
Fibers 

1 

♦  21 

21 

21/0 

100 

+71 

21 

21/0 

100 

-54 

21 

21/0 

100 

2 

♦  21 

18 

18/0 

100 

♦  71 

18 

18/0 

100 

-54 

18 

18/0 

100 

3 

+  21 

18 

18/0 

100 

♦  71 

18 

18/0 

100 

-54 

18 

18/0 

100 

Design  1  -  Optical  fiber  center  element. 

Design  2  -  Nylon  monofilament  center  element. 

Design  3  -  Polyurethane  coated  Kevlar  ® center  element. 
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3.5.3  Twist  Test 

The  test  was  performed  at  +21°C,  +71°C,  and  -54°C  in 
accordance  with  MIL-C-13777,  paragraph  3.7.2. 

Table  3-9  shows  the  performance  of  each  cable  design.  Con¬ 
tinuity  was  monitored  during  the  test  with  only  one  fiber 
failure  at  room  temperature  on  design  2  (nylon  monofilament 
center) . 

Designs  1  and  3  met  the  100%  survivability  goal  at  all 
temperatures.  There  was  one  fiber  break  after  1480  twist 
cycles  on  design  2  when  tested  at  room  temperature.  This 
cable  design  met  the  goal  of  100%  survivability  at  +71°C 
and  -54°C . 

The  top  sheave  of  the  twist  test  apparatus  consisted  of  two 
adjustable  plates.  This  sheave  arrangement  was  not  satis¬ 
factory  and  caused  undue  damage  to  the  cable  jacket.  Due 
to  schedule  limitations,  it  was  not  possible  to  replace  it. 
It  was  suspected  that  this  arrangement  was  responsible  for 
the  fiber  break. 


Table  3-9.  Twist  Test. 


Cable 

Design 

Temperature 

#  of 

Cabled  Fibers 

Transmitting/ 

Broken 

1  Surviving 
Fibers 

1 

♦21 

21 

21/0 

100 

♦71 

21 

21/0 

100 

-54 

21 

21/0 

100 

2 

♦  21 

18 

17/1 

94 

♦  71 

18 

18/0 

100 

-54 

18 

18/0 

100 

3 

+21 

18 

18/0 

100 

♦71 

18 

18/0 

100 

-54 

18 

18/0 

100 

Design  1  -  Optical  fiber  center  element. 

Design  2  -  Nylon  monofilament  center  element. 

Design  3  -  Polyurethane  coated  Kevlar  ® center  element. 
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Despite  this  broken  fiber,  the  cable  managed  to  have  94%  of 
its  tested  fibers  continuous  after  2000  cycles.  It  is  felt 
that  by  using  a  proper  sheave,  all  cable  designs  at  all 
temperatures  will  pass  this  test  without  fiber  breakage. 


3.5.4.  Tensile  Load  Test 

Data  on  long  term  effects  of  the  static  load  is  obtained  by 
applying  a  tensile  load  to  the  cable  for  a  period  of  48  hours, 
during  which  time  the  transmission  through  the  fibers  is 
monitored. 


Two  samples  of  design  3  were  tested  for  effects  of  tensile 
load  on  fiber  attenuation.  Periodic  attenuation  monitoring 
was  used.  The  cable  tested  gage  length  was  6  m. 


The  cable  elongation  with  a  6-m  half  loop  setup  exceeded 
the  extension  range  of  the  tensile  load  equipment  due  to 
rotation  of  the  mandrel.  To  overcome  this  problem,  a  complete 
loop  was  used  (approximately  12.5-m  gage  length)  during  this  and 
the  remaining  tests. 


The  first  sample  of  design  2  was  tested  using  manual  data 

acquisition.  The  remaining  three  tests  were  performed 

using  an  eight-channel  strip  chart  recorder.  This  enabled 

continuous  monitoring  of  differential  attenuation  throughout 
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the  48-hour  test  period.  All  fibers  are  monitored  for 
attenuation  change  and  not  absolute  values  on  this  station. 

Tables  3-10,  3-11,  3-12,  3-13,  3-14,  and  3-15  show  the  test 
results  of  designs  1,  2,  and  3,  respectively. 

These  results  indicate  that  the  residual  effects  of  long  term 
tensile  load  on  the  optical  performance  of  designs  1,  2, 
and  3  are  negligible.  The  visual  inspection  indicated  that 
the  strength  members  and  the  optical  core  had  some  position 
shifting;  however,  after  the  load  was  released,  they  slowly 
returned  to  their  original  positions. 
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Table  3-10.  Tensile  Load  Test  -  Differential  Attenuation  (dB) 


Table  3-11.  Tensile  Load  Test  -  Differential  Attenuation  (dB) . 
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Table  3-15.  Tensile  Load  Test  -  Differential  Attenuation  (dB) 
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3.6  EDM  Cable  Environmental  Tests 
The  environmental  tests  include: 

a.  Temperature/humidity  test 

b.  Temperature  shock  test 

c.  Vibration  test 

Tables  3-16  through  3-18  summarize  the  performance  of  the 
EDM  cables.  Attenuation  at  each  wavelength  was  measured 
with  0.089  injection  NA. 

It  was  found  that  the  cables  were  sensitive  to  low  temperature, 
which  greatly  increased  the  optical  attenuation  of  the 
cabled  fibers.  This  was  an  unexpected  problem  because  a  number 
of  cables  (designed  for  commercial  telecommunication  appli¬ 
cations)  had  been  tested  at  low  temperature  (-40°C  and  -50°C) 
with  loss  increases  from  1  to  1.5  dB/km. 

Figures  3-1,  3-2,  and  3-3  depict  the  performance  of  the  fibers 
of  the  EDM  cables  when  exposed  to  temperatures  from  -65°C 
to  +65°C.  Fiber  identification  was  not  recorded  during  the 
test.  All  future  tests  will  include  identification  to 
correlate  performance  with  fiber  data. 
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Attenuation  of  Cable  Design  1  Before  and  After 
Environmental  Testing  (dB/km) . 


Attenuation  of  Cable  Design  2  Before  and  After 
Environmental  Testing  (dB/km) . 
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ATTENUATION  CHANGE  IdB/kmi 


Figure 


302  1328b 


3-2.  Attenuation  Versus  Temperature  Test  (Low  Temperatures) 
Design  2. 
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ATTENUATION  CHANGE  (UU/km) 
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The  major  difference  between  the  telecom  cables  and  the 
ultra  low  loss  cables  was  the  grade  of  polyurethane  used 
for  the  jackets  (Roylar®E-9  and  Roylar®E-80  respectively) 
and  the  buffered  fiber  diameter  of  0.94  mm  on  telecom 
cables  versus  1.02  mm  on  ultra  low  loss  cables.  It  was 

decided  to  make  another  sample  cable  length  of  design  1 

(S) 

using  Roylar v-/  E- 9 .  The  low  temperature  performance  was 
equally  poor. 


Two  cables  were  designed  in  an  attempt  to  incorporate  some 
features  of  the  telecommunication  cables  into  the  ultra  low 
loss  design.  These  are  shown  in  Figures  3-4  and  3-5  and 
were  labeled  designs  4  and  5,  respectively. 


These  cables  were  fabricated  using  some  of  the  same  batch 
fibers  as  previously  used,  with  similar  results  noted  at  low 
temperatures.  At  this  point,  it  was  suspected  that  the  problem 
might  be  a  fiber  problem  and  not  due  to  the  cable  design. 

Therefore,  several  fibers  fabricated  for  the  ultra  low  loss 
contract  and  a  few  fibers  from  the  regular  production  inventory 
were  exposed  to  low  temperatures.  Surprisingly,  only  the  ultra 
low  loss  fibers  performed  poorly,  indicating  that  either  the 

i 
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Figure  3-5.  Design  5,  Ultra  Low  Loss  Fiber  Optic  Cable. 
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fiber  dopants  or  fabrication  had  a  major  effect.  The  other 
variation  was  the  fiber  buffer  diameter  of  0.94  mm  versus 
1.02  mm  on  ultra  low  loss  fibers. 

An  investigation  was  begun  to  determine  the  reason  for  this 
effect.  This  investigation  will  examine  all  aspects  of  the 
ultra  low  loss  fiber  fabrication  to  find  any  variables  from 
standard  production  or  trace  the  individual  fiber  perfor¬ 
mance  at  low  temperature  for  the  cause. 

3.6.1  Fungus  Test 

This  test  was  performed  by  Aerospace  Research  Corporation. 
Their  test  report  indicates  that  there  was  a  very  light 
growth  on  the  surface  of  all  six  cables.  These  samples  were 
returned  to  ITT  EOPD  where  this  light  growth  was  verified  by 
observation  under  the  microscope. 

A  sample  of  the  tested  cable  was  delivered  to  Uniroyal 
Chemical,  the  company  which  supplied  the  jacketing  material. 
Uniroyal's  conclusion  was  that  the  polyurethane  polymer  is 
a  nonnutrient  material;  however,  a  very  small  amount  of  a 
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processing  aid  was  responsible  for  this  small  amount  of 
fungus  growth.  It  was  also  the  company's  conclusion  that 
the  integrity  of  the  jacket  was  not  jeopardized  by  this 
light  fungus  growth. 

Uniroyal  indicated  that  two  approaches  may  be  followed  if 
it  is  determined  that  this  fungus  growth  is  unacceptable: 

(a)  eliminate  the  processing  aid  acting  as  a  nutrient,  or 

(b)  add  a  fungicide. 

At  this  time,  ITT  EOPD  is  not  recommending  either  approach 
until  it  is  determined  that  further  action  is  justified. 
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4.0  CONNECTOR  DEVELOPMENT 

This  program  requires  the  development  of  cable  assemblies 
and  bulkhead  receptacles.  The  cable  assemblies  will 
include  hermaphroditic  plugs  compatible  with  the  bulkhead 
receptacles,  the  six-channel  cable  design,  and  the  fiber 
characteristics.  To  accomplish  the  connector  design 
effort,  a  subcontract  was  awarded  to  the  ITT  Cannon 
Electric  Division. 

4.1  Cable/Connector  Interaction 

In  order  to  meet  the  cable  assembly  objectives,  an  iterative 
trade-off  process  between  cable  requirements  and  parameters 
and  connector  requirements  is  necessary.  The  identification 
of  the  fiber/cable  parameters  most  heavily  affecting 
connector  design  and  performance  has  been  tentatively 
determined  as  follows: 

a.  Fiber  diameter  (close  tolerances  and  roundness) 

b.  Fiber  core  diameter  (concentricity  and  tolerances) 

c.  Fiber  NA 

d.  Fiber  bend  loss  sensitivity 

e.  Fiber  rigidity  (buffer  material) 
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f.  Fiber  torsional  modulus 

g.  Fiber  strippability 

h.  Cable  strength  member  design 

i.  Cable  jacket  material 

j.  Injection  NA  of  the  fiber 

These  parameters  must  be  considered  in  developing  a 
suitable  connector  fiber  alignment  concept  as  well  as  the 
necessary  protective  and  sealing  features  required  in 
this  program.  In  total,  seven  cable  designs  were  fabricated 
and  evaluated  in  order  to  effect  a  compromise  between 
fiber/cable  requirements  and  those  anticipated  for  the 
connector . 

4.2  Development  Efforts 

During  this  reporting  period  it  was  determined  that  two 
fiber  alignment  concepts,  adjustable  three  sphere  (ATS) 
and  jeweled  ferrule  (JF)  ,  would  be  given  primary  considera- 
tion  for  this  program.  Prior  experience  with  these  align¬ 
ment  approaches,  under  company  as  well  as  ECOM  I  efforts, 
provided  a  basis  for  this  decision.  However,  since 
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prior  investigations  on  these  approaches  involved 
Corning  fibers,  an  examination  of  the  ITT  fiber/cable 
parameters  was  necessary.  Thus,  the  effort  covers  three 
general  areas : 

a.  Fiber  investigations  (characterize  for  connector 
requirements) 

b.  Design,  fabricate,  and  test  fiber/connector 
assemblies 

c.  Alignment  evaluation  on  cable  characteristics 

4.2.1  Fiber  Comparison 

Initial  fiber  investigations  addressed  the  obvious 
differences  in  the  ITT  EOPD  fiber/cable  designs  relative 
to  the  previously  used  Corning  fibers.  These  differences 
required  changes  in  ATS  as  well  as  JF  features. 

a.  ITT  fiber  core  diameter,  55  yin; 

Corning  fiber  core  diameter,  85  ym 

b.  ITT  fiber  jacket  diameter,  1.02  mm; 

Corning  fiber  jacket  diameter,  ^0.130  mm 

c.  ITT  fiber  is  helically  wrapped  in  cable; 

Corning  is  run  in  a  loose  tube 

Also,  various  features  relating  to  design  variations  in  the 

seven  ITT  EOPD  cables  were  evaluated  as  they  interacted 

with  the  connector  termination  process. 
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Samples  of  EDM  designs  1,  2,  and  3  were  subjected  to  a 
series  of  cleaving  tests.  Differences  in  the  end  face 
cleave  quality,  using  previously  developed  techniques, 
were  observed  in  fibers  from  designs  1  to  3.  ITT  EOPD 
tried  to  identify  possible  variations  in  the  fiber 
process  as  a  cause  for  these  differences;  the  results 
were  inconclusive. 

Additional  fiber  evaluations  were  performed  in  conjunction 
with  termination  experiments  and  preliminary  connector 
loss  measurements. 

In  terminating  fibers  in  the  ATS  ferrules,  it  is  required 
that  the  three  spheres  close  radially  inward  upon  the 
fiber.  To  accomplish  this,  an  assembly  torque  wrench 
specifically  designed  for  this  is  used.  This  tool  incor¬ 
porates  an  adjustable  slip  clutch  set  to  preclude  fiber 
crushing.  It  was  observed  that  when  used  with  samples  of 
the  ITT  fiber,  an  apparent  tendency  toward  fiber  breakage 
occurred.  Due  to  the  random  nature  of  the  breakage,  a 
study  of  fiber  strength  under  various  crush  loads  was 
conducted. 
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To  perform  this  study,  a  fixture  simulating  the  three- 
sphere  ferrule  was  devised.  Two  spheres  are  held  fixed 
in  place,  tangent  to  each  other,  while  a  third  sphere 
with  a  gage  mounted  could  be  moved  radially  in  the 
fixture.  The  force  necessary  to  crush  a  fiber  was 
measured  while  observing  the  point  of  contact  of  the 
fiber  and  spheres  with  a  microscope.  Results  obtained 
using  this  apparatus  indicated  a  range  of  crush  forces 
from  0.18  to  3.6  kg  with  an  average  of  1.3  kg  for  ITT 
fibers.  When  similar  tests  on  Corning  fiber  were  performed, 
a  narrower  range  of  crush  forces  was  obtained  with  an 
average  of  approximately  2.3  kg. 

During  the  course  of  these  tests,  15  cm  lengths  of 
fiber  from  ITT  EOPD  design  1  were  tested  at  0.5  cm 
increments.  Samples  from  all  seven  fibers  in  the  cable 
were  tested  and  appeared  to  exhibit  a  periodicity  in 
the  crush  force  to  break.  The  periodicity  may  correlate 
with  the  period  of  the  helical  wrap  within  the  cable 
which  is  approximately  5.1  cm.  Since  the  Corning  fiber 
was  not  cabled,  no  examination  for  this  effect  was  made. 
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In  seeking  correlation  for  the  crush  data,  an  attempt 
to  relate  it  to  fiber  diameter  variation  was  made. 
Although  the  fiber  diameter  was  found  to  fluctuate  from 
124  to  133  pm  along  several  samples,  no  correlation  was 
observed. 


As  a  result  of  these  studies,  it  was  determined  that  a 
more  precise  setting  of  the  slip  clutch  assembly  would 
allow  ITT  fiber  to  be  terminated  for  testing  the 
connector  concept. 


4.2.2  Six  Channel  Connectors  (Plugs  and  Receptacles) 

All  hardware  components  for  the  critical  design  review 
(CDR)  were  manufactured.  Due  to  the  differences  between 
ITT  and  Corning  cable  construction  and  size,  the  connector 
strength  member  clamp  strain  relief  mechanisms  and 
sealing  components  were  modified.  Sufficient  ATS  and  JF 
connector  components  were  manufactured  to  yield  two  mated 
connector  assemblies.  The  jeweled  ferrules  and  adjustable 
three-sphere  ferrules  were  designed  to  be  interchangeable 
within  the  connector  body.  This  would  allow  alignment  concept 
evaluation  without  changing  the  costly  connector  components. 
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A  total  of  24  ATS  ferrules  was  received  from  the  vendor 
for  evaluation.  A  dimensional  inspection  of  all  components 
was  performed,  and  it  was  found  that  the  gap  control 
spring  was  not  properly  closed  and  ground.  This  would 
affect  the  uniform  pressure  needed  to  seal  the  ferrules 
from  the  environment.  Several  ferrules  were  terminated 
(using  cable  design  3)  in  the  connector  housing  and  the 
coupling  was  measured.  A  random  instability  problem  was 
observed  in  the  ferrule  positioning.  The  ferrules  were 
slightly  modified  and  retested.  The  instability  problem 
was  eliminated.  A  few  of  the  random  matings  exhibited 
coupling  losses  over  1  dB  and  it  is  believed  that  these 
matings  are  due  to  factors  such  as  dust,  keying,  and  core 
diameter  variations.  Table  4-1  shows  the  coupling  losses 
of  263  matings. 


Two  hundred  and  twenty- five  matings  had  coupling  losses 
lower  than  1  dB .  Thirty-five  matings  had  coupling  losses 
lower  than  2  dB,  and  only  three  exceeded  2  dB. 
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Table  4-1.  Adjustable  Three-Sphere  Coupling  Losses. 


Coupling  Loss  (dB)  Frequency 

.10  8 

.20  16 

.30  36 

.41  28 

.51  28 

.61  32 

.71  31 

.81  26 

.92  20 

1.02  2 

1.12  10 

1.22  4 

1.33  10 

1.43  5 

1.63  1 

1.84  1 

1.94  2 

2.35  1 

2.55  1 

3.58  1 


TOTAL  EVALUATED 


263 
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Other  factors  that  must  be  considered  when  evaluating  the 
data  include: 

a.  LED  drift  was  identified  as  causing  up  to  ±0.15  dB 
variation  in  connector  coupling  loss. 

b.  Fiber  outside  diameter  (od)  variation  was  found 
to  be  as  great  as  9  ym.  This  could  account  for 
as  much  as  0.55  dB  alignment  loss. 

In  subsequent  testing,  four  mated  pairs  of  six-channel 
connectors  have  been  terminated.  Two  contained  jewel 
ferrules  and  two  utilized  ATS  ferrules.  During  the 
termination  process,  difficulty  was  experienced  with  the 

( 

fiber/cable  being  used  (cable  design  4)  because  the  Hytrel 
fiber  jacket  was  more  rigid  than  previously  experienced. 
This  caused  a  high  rate  of  accidental  breakage  when 
handling  the  stripped  fiber. 

When  a  pair  of  connectors  is  mated,  the  abutting  ferrules 
must  move  toward  the  back  of  the  connectors  to  absorb 
component  dimensional  tolerances.  Since  the  cable  strength 
member  was  secured  at  the  rear  of  the  connector,  the  fiber 
was  allowed  to  flex  (bend)  within  a  chamber  between  the 
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ferrule  and  the  Kevlar  -  strength  member  clamp.  The  length 
of  this  flex  chamber  had  been  developed  and  tested  previously 
with  initial  fiber  samples.  When  the  connectors  with 
EDM  cables  were  mated  and  the  fibers  flexed,  coupling 
losses  were  not  as  low  as  in  initial  tests.  This  was 
seen  in  both  JF  and  ATS  connectors,  indicating  that  the 
fibers  were  more  sensitive  to  bending  losses. 


4.2.3  Cable  Strain  Relief  Assembly 

Tensile  tests  were  conducted  to  determine  the  cable 

clamping  effectiveness.  Data  indicated  that  the  fibers 

within  the  connector  move  1.90  mm  axially  due  to  the  cable 

strain  under  180  kg  load.  A  service  length  that  will 

allow  for  this  movement  will  be  included  during  ferrule 

termination. 


4.2.4  Connector  Loss  Measurements  (Initial  Design) 
Coupling  loss  measurements  were  performed  on  two  pairs 
of  ATS  as  well  as  two  pairs  of  JF  alignment  design 
connectors  using  cable  design  3.  In  each  case,  the 
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mated  pairs  were  initially  assembled  as  the  design  required 
including  securing  the  Kevlar  -  strength  members.  The 
fiber  ends  were  measured,  stripped,  and  cleaved  for  the 
ATS  design  while  those  intended  for  JF  use  were  polished 
in  the  ferrules.  Installation  into  the  connector  bodies 
was  made  allowing  for  the  fiber  flex  discussed  earlier. 
Glass  fiber  or  buffer  jacket  retention  in  the  ferrules 
was  accomplished  using  epoxy.  Coupling  losses  obtained 
on  ATS  pair  1  and  both  JF  pairs  are  presented  in  Table  4-2. 

Considering  the  relatively  poor  performance  noted  during 
the  connector  coupling  loss  test  when  compared  to  earlier 
ferrule-only  tests  (Table  4-1),  attempts  to  identify 
major  causes  of  the  high  loss  were  pursued  on  all  mated 
pairs . 

Due  to  the  possible  contribution  of  fiber  bend  losses  and 
fiber  stiffness  which  hinders  proper  ferrule  mating, 
it  was  decided  to  attempt  an  assessment  of  their  contribu¬ 
tion  to  the  ATS  connector  loss.  In  assembling  the 
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Table  4-2.  Coupling  Loss  (dB)  . 


ATS  Connector 

_1 

JF  Connector  1 

JF  Connector 

_2 

Channel  No 

Loss 

Channel  No 

Loss 

Channel  No 

Loss 

1 

3.5 

1 

3.17 

1 

3.0 

2 

- 

2 

3.59 

2 

2.23 

3 

- 

3 

- 

3 

16.02 

4 

3.0 

4 

10.08 

4 

19.85 

5 

3.4 

5 

2.51 

5 

4.03 

6 

0.8 

6 

1.41 

6 

- 

NOTE:  Absence  of  data  results  from  fiber  breakage  during 
assembly  procedures. 
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connector/ferrule  to  the  cable,  an  estimated  suitable 
amount  of  buffered  fiber  was  placed  in  the  flex  chamber  area 
of  the  connector.  If  the  amount  of  fiber  included  there 
resulted  in  an  excess  bend  loss  under  normal  conditions, 
the  connector  loss  would  decrease  if  the  bend  radius  were 
increased.  To  verify  this,  the  cable  extending  from  the 
connector  housing  was  subjected  to  a  pulling  force  sufficient 
to  partially  straighten  the  fibers  (increasing  the  bend 
radius).  This  pulling  force  was  applied  by  hand  while  the 
connector  loss  was  measured.  Results  of  this  effort  appear 
in  Table  4-3. 

Based  on  the  noted  improvement  over  the  first  data,  the 
connector  was  disassembled  and  reassembled  after 
redressing  the  fibers  to  remove  as  much  of  the  bend  as 
possible.  Upon  reconnecting,  the  loss  data  in  Table  4-3  was 
obtained.  A  continuously  improving  loss  figure  for  those 
fibers  operating  was  noted.  Channel  6  exhibited  somewhat 
erratic  behavior  and  upon  close  examination  it  was 
observed  to  have  broken  during  the  above  testing.  The 
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Table  4-3.  Coupling  Loss  (dB)  ATS  Connector  1 
(Modified  Test) . 


Ill 


Electro-Optical  Products  Division. 


breakage  of  channel  6,  in  conjunction  with  the  superior 
initial  loss  values,  indicates  that  it  was  probably  shorter 
than  the  others  and  most  likely  snapped  during  the  pulling 
test . 


Considering  the  improved  performance  observed  in  ATS 
connector  1,  the  second  ATS  connector  (2)  was  mated  without 
securing  the  Kevlar®  cable  strength  members  and  without  the 
shell  and  coupling  nut.  Since  the  ferrule  design  requires  a 
small  amount  of  backward  motion  upon  mating,  the  secured 
fiber  bend  will  increase  (radius  decreases)  and  possibly 
cause  a  higher  than  anticipated  loss.  In  omitting  the  securing 
components,  the  fiber  and  cable  are  free  to  move  backward 
as  necessary,  due  to  the  mating  action,  without  changing  the 
fiber  bend.  Coupling  loss  measurements  obtained  with  this 
configuration  appear  in  Table  4-4.  Although  the  cable 
mass  is  unsecured  and  is  subject  to  irregular  movement, 
the  measured  losses  are  consistent  with  those  reported  in 
Table  4-3. 


Having  demonstrated  the  alignment  concept  satisfactorily, 
attempts  to  install  the  ferrule  assembly  within  the  shell 
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Table  4- 


Coupling  Loss  (dB)  ATS  Connector  2 
(Strength  Member  Not  Secured). 


Channel  No 


Without  Shell/ 
Coupling  Nut 


With  Shell  1 


With  Shell  2 


ITT 
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hardware  were  made.  Two  attempts  to  accomplish  this 
were  made  with  loss  measurements  performed  after  each 
attempt.  Data  corresponding  to  these  efforts  is  pre¬ 
sented  in  Table  4-4.  It  should  be  noted  that  the 
Kevlar  ^ clamping  assembly  was  not  installed  at  this  time, 
and  the  cable  is  not  secured.  Due  to  the  movement  of  the 
cable,  the  fiber's  stiffness,  and  the  small  amount  of  fiber 
protection  afforded  by  the  connector  shell  in  this  configura¬ 
tion,  other  fibers  were  broken  in  handling. 


If,  as  the  ATS  connector  tests  indicate,  fiber  bend  or  flex 
is  contributing  to  the  loss  mechanism  in  the  connector  tests, 
similar  changes  in  performance  should  be  observable  in  the 
JF  design  by  changing  the  fiber  securement  in  the  shell.  A 
quick  assessment  of  this  was  provided  by  disassembly  of  JF 
connector  1  and  by  performing  an  individual  hand  mating  of 
each  ferrule  pair  outside  of  the  connector.  Results  of  this 
examination  appear  in  Table  4-5.  A  comparison  of  these 
individual  channel  losses,  with  the  corresponding  channels 
and  connector  of  Table  4-2,  demonstrates  improved  performance 
of  the  alignment  scheme  by  removing  the  fiber  bend  radius. 
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Table  4-5.  Coupling  Loss  (dB)  JF  Connector 
(Hand  Coupled) . 


Channel  No  Loss 

1  1.8 

2  2.1 

3 

4  7.6 

5  1.6 

6  0.8 
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Using  fibers  with  high  flex  modulus  interferes  with  the  proper 
mating  and  aligning  of  the  fibers  within  the  two  types  of 
ferrules,  thereby  resulting  in  higher  connector  losses. 

This,  coupled  with  the  fiber  flex  loss,  contributes  to  the 
excess  losses  reported  above. 

The  test  results  for  these  initial  connector  designs  indicate 
that  either  or  both  could  be  made  to  meet  the  objectives  of 
this  effort.  It  is  important,  however,  to  select  the  best 
approach  to  accomplish  the  needed  improvements.  Two  methods 
of  decreasing  the  connector  losses  are  as  follows: 

a.  Redesign  the  connector  flex  chamber  and 
ferrule  keying  to  accommodate  a  fiber  having 
reproducible  bend  loss  and  stiffness 

b.  Modify  the  fiber  buffer  stiffness  to  reduce 
the  effective  losses  in  the  connector 

Also,  in  considering  the  best  approach,  the  fiber/cable 
parameters  must  be  evaluated  in  terms  of  reproducibility 
as  well  as  ability  to  meet  the  cable  assembly  requirements 
of  the  program. 
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5.0  WORK  PLANNED  FOR  NEXT  PERIOD 

The  following  items  will  be  completed  or  addressed  during 
the  next  6-month  period: 

a.  Program  review  -  Discuss  cable/connector 
interface  items  and  cable  low  temperature 
fiber  performance  ' 

b.  Connector  development  -  Modify  and  evaluate 
existing  connectors  to  reduce  cable  assembly 
losses 

c.  Cable  design  -  Select  cable  design  based  on 
the  data  generated;  one  of  the  cable  designs 
will  be  selected  for  further  fiber  optimization 

d.  Initiate  effort  to  address  low  temperature 
fiber  performance 

e.  Obtain  additional  fibers  to  construct  cables 
for  final  cable/connector  assemblies 

f.  Complete  optical  measurements  on  fibers  for 
final  cable/connector  assemblies 

g.  Initiate  cable  fabrication  for  final 
assemblies 
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APPENDIX  A 

OPTICAL  FIBER  ATTENUATION 
MEASUREMENT  SPECIFICATION 


INTERIM  PROCEDURE 
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1.3  seen: 

Tiia  specification  ieacribea  the  equipment  tad  procedures  required  for  the  neaiure- 
nest  at  attenuation  la  optical  fibers.  Cia  attenuation  at  ta  optical  filar  has 
sajor  t apart  da  optical  fibar  tyreem  itsiga  tad  is  aaaaatlai  far  optical  "j«r 
characterisation . 

a.o  asm: 

2.1  OOD-STD-16T8 ,  "Fiber  Optica  7 tat  Methods  tad  Instrumentation,"  30  JoTenber, 


1977. 
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Variable  7-stop 
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(L) 

Princeton  Appliad  Research 

Modal  12U  vitb  Modal  183  Praamp 

MKBtlAl: 
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i.2  Razor  Slades  (Stock  #026008)  F0R  1,0,510,1  'Jl0 
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5.1  S«t-up 

5.1.1  Check  chat  lack-in  saplifier  (1)  controls  axe  set  si  shown  in  Figure  2. 
With  input  applied, adjust  phase  for  sera  output  when  phase  changed  'ay 
SO3.. 

5.1.2  Check  that  power  supply  (5)  is  set  at  1007  with  the  detector  (3) 
reverse  biased  (cathode  poaitive  potential). 

5.1.3  Turn  all  equipoest  on. 

5.2  Graded  index  and  step  index  C7B  fibers. 

5.2.1  (Long  length)  Prepare  ends  on  each  end  of  test  fiber  per  specification 
' RT-7J-211 , 5T0  .  leave  5-3  to  T.S  ca  (2.0  to  3.3")  of  bare  fiber 
exposed  at  each  end.  A  goad  reflection  of  roos  light  frsa  the  fiber 
end  ia  adequate  to  i eternise  suitable  end  quality. 

5.2.2  Coat  the  entire  surface  of  the  exposed  fiber  with  T.7.  corona  dope 
to  within  0.5  ca  (0.2  in.)  of  each  end.  This  strips  light  propa¬ 
gating  in  the  substrate  glass.  Caution  is  required  to  avoid  contacting 
the  fiber  end  with  the  T.7.  corona  dope.  Allow  to  dry. 

5.2.3  Position  end  of  pull  (30?)  fiber  end  on  5-axis  positioner  ?,  in  slot 
provided  ia  fixture. 

5.2.1  Position  start  of  pull  (SOP)  fiber  end  ia  detector  fixture, ?j- using 
alignment-,  rods  to  place  end  ia  proper  position.  Hove  fixture  into 
detector  until  stop  reached. 

5.2.5  See  the  slide  projector  controls  for  white  light  injection.  Set  the 
valuable  ?- stop  lens  H  to  ?2  (3A  «  .2U3).  Adjust  positioner  ?.  for 
-..T-f-TM,  throughput  as  indicated  by  the  output  of  the  lock-in  sfiplifler 
3,  Adjust  lock-la  scales  as  required.  Adjust  tine  constant  as  required 
to  obtain  steady  stata  reading. 

5.2.6  Adjust  slide  projector  to  obtain  filter  at  desired  wavelength.  Adjust 
?-stop  on  lens  (3)  for  desired  3A.  Record  steady  state  value  and 
scale  from  lock-in  asplifler  (3). 

5.2. T  Repeat  for  additional  3A's  at  the  sob a  wavelength. 

5.2.3  aepeot  for  each  additional  wavelength  required. 

5.2. ?  (Short  length)  Henove  SOP  frees  detector.  Cut  fiber  approximately 

one  cater  (39.1  inches)  fron  30P.  Prepare  end  at  point  cut  on  one 
aster  section  per  5.2.1  and  5.2.3. 

TOTS:  Sxtrena  care  should  be  exercised  to  avoid  disturbing  the  2C? 
end  during  this  step. 

5.2.10  Position  the  new  end  ia  the  detectcr  per  5.2.1.  Repeat  steps  5.2.5 

NON-CONTROLLED  pH  | coos  ioint  NQjoSawme  no. 

FOR  (ItTOG.V  -\TO  ownmmon 

A  1  3  5  6  7  RT-7J  211.559 


* . .. 

fjESOM  u- 


r  'iUAi.'irx  m&xiMByi 


5.2. 10  (Cast.)  through  5.2.3  as  during  tha  long  length  measurement  ;«r 
requirements. 

5.3  Stasia  .Had a  Fiber* 

5.3.1  (Lobs  Langth)  Prepare  ends  on  each  and  of  fiber  par  specification 

! 37-77-211 , 5TC  .  :<i7i  10.2  to  12.T  cm  (L.O  to  5.0  is.)  of  bare  "bar 
at  each  and.  The  and  should  ba  Inspected  under  10X  aasndfloatlan  to 
determine  and  suitability.  Minor  flavs  sra  permissible  an  fibar  edgaa, 
but  a  smooth,  flat  eaatral  ragion  is  aasantial. 

5.3.2  Perform  measurement  par  5*2.2  through  5-2.10  axcapt  tha  short  langth 
shall  ba  5  s  loss  and  tha  nav  aad  on  tha  short  langth  Is  prapared  par 
5.3.1. 

5. It  Plastic  Clad  Silica  (PCS)  Fiber 

S.lt.l  Prapara  both  fibar  ends  per  specification  !  37-77-211, 570  .  Only  '-0.5  cm 
(.127  in.)  of  bars  fibar  is  required.  .7o  7.7.  corona  dope  is  required 
as  light  does  not  propagate  in  tha  plastlo  cladding. 

5.^*2  Perform  attenuation  measurement  par  5-2.3  throush  5.2.10. 

5-5  Data  Reduction 

Substitute  lock-in  amplifier  readings  into  aquation  below: 

7 

a  (dB/Ict)  -  -**-  log  10  ^  U0,  SAfl)  (1) 

.  Thera,  L  »  fibar  langth  in  in 

^  ■  chosan  filtar  vavelangth 

7,  *  short  length  voltage  reading  at  snd  SA^.ihultipiies  by  scale. 

Vg  »  long  langth  voltage  raading  also  at  *0  and  .7Ao,;  multiplied  by  scale. 
HA-  ■  specified  TV  lens  3A 

(7^  and  7g  are  reduced  by  synchronous  spurious  alga], ,  bfevel  for 
veryllow.  signal  levels) 

ACCSPT/3SJ5CT: 

€.1  Sot  needed 

sagaa.  -tp^= 

T.l  Sot  needed 


ncuccntroi  1  m‘ 

Rtmo*  '*>  oenmnm 


Tin- 

coos  ioint  no. 

OSAWINO  NO. 

A 

13567 

37-77  211,559 

SCAll 


nvitioN 


SMUT 


B-2 


1.0  SCOPS: 


The  purpose  of  :Ui  aaasurtmeat  is  to  determine  the  pulse  broadening  a i  is  optical 
fiber  is  as  operating  wavelength  of  0.9  ua.  Til  pulse  broadening ,  or  dispersion, 
determines  "Sa  information  capacity  of  the  fiber.  This  specification  ipplies  to 
0.9  ua  diaparaios  aauumaati  of  both  graded  index  and  step  iadax  TVS  fibers. 
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3.0  ronesgat: 

3.1  Electronic  Equipment 


Daecriatlon 


3o#fatlaTc?a 


Flake  ^158  High  7oltags  Tovar 

Heath  SP-2730  Sigh  Current 
Tovar  Supply 

T.m+*Am  1L-903-OV  Tovar  Supply 

HCA-SG2001  OaAs  Laser  and  Driver 

States  CP1.U-17-10L  Thermoelectric 
Cooler 


Tektronix  7603  Oscilloacopa 
Mainframe 

Tektronix  TS11  Sampling  Units 

Tektronix  3-1  or  3-2  Sampling 

Seed 

Tektronix  7TU  Time  3ase 


1ST  Pocket  Scope  Inage  Istessifier 

Hewlett-Packard  3U17D  .1  to  1300 
.'Os  Amplifier 

Dispersion  Pulse  Controller  or 
Berkeley  nucleonics  Corporation 
7077  Digital  Delay  Deaerator 

RCA  C309022  Avalanche  Thotodet actor 

Eavlett-Tackard  7082-1203  TT3T  Diode 


TS1,  TS2 


NON-CON^ROLLED  Sevlett-Tackard  70373  Z-7  Recorder 
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3.2  Optical  Squipaant 
Suantity 


OascriatloB 


YoBanciatur* 
far  Dlursa 


1  Sac  of  lenses  ted.  microscope  objectives 

1  3-Axls  Mlcrcpositioner 

1  3-Axis  Micropositioner 

1  Assorted  Optical  Sails  tnd  Stands 

3.3  itlacallaaeous 

1  Diamond  Scribe  STJA  211586 

1  Vernier  Caliper 


i.a  MAggtlALt 

Description 
Razor  Slades 
Graph  ?apar 
Masking  Tapa,  1.0" 


Stacie  Soon  Kusbar  or  vtanufaciurer 
226-008 
005-009 
016-006 


yii£?^R0LL£D 

mo  aemuune. 


77  Caron*  Dope  ST-TA-2U585 

5.0  PSOCSDCBS: 

5.1  Meaauranant  Procedure  - 

5.1.1  Place  a  new  place  of  graph  paper  in  the  X-Y  recorder  and  cum  the 
recorder  switch  oh.  Also,  turn  the  chart  switch  to  hold  Record  the 
prefora  nuaber  and  fiber  Identification  Busbar  of  the  teat  fiber. 


1 

? 

j* 
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5.1.2  i/aJea  a  abort  end,  leering  approxtaatal7  6.3  ass  (.25")  of  bare  fiber 
exposed,  on  tha  end  of  pull,  marked  SOP.  Use  the  procedure  of  Specification 
.St-7J-2ll,5TC  .  7tsual  confirsation  of  room  light  reflection  from  the 
entire  fiber  end  face  Is  adequate  to  assure  a  suitable  and.  Clean  tha  fiber 
end  face  with  — i-i-g  tape.  Place  the  fiber  la  the  5-exls  positioner  so 
that  the  end  is  flush  with  the  end  of  the  groove. 

5.1.3  Sac  control  twitch  on  tha  laser  power  supply,  ?S1  to  ■’standby'' 
position.  Turn  on  the  digital  delay  generator,  SDG. 

J.1.1*  Set  the  taapliag  oscilloscope  on  left  channel  and  to  10  ns  per 
horizontal  division. 

5,1.5  See  tha  X100  knob  on  the  digital  delay  generator  at  1.  Set  the 
"RZ7"  switch  to  the  counterclockwise  (reverted  daisy)  position.  This 


TUT 


coot  ioiwt  no! 


orawino  no. 


w 

a: 


in 


'V- 

>i;  o 

*  W 


•CW  21l600 


5.1.5  (Cose.)  retards  the  triggering  pulse,  allowing  the  operator  to  vi aw  -.he 
input  puls*  ca  tit*  sea;*. 

5.1.6  5 re  tit*  laser  power  supply  voltage,  Ml,  to  5  T  above  tie  threshold 
voltage  specified  far  the  laser  la  use,  asd  turn  control  rwitch  to  "an" 
position. 

5.1.7  Adjust  the  tin*  position  on  the  sampling  oscilloscope  'until  the  trace 
of  the  laser  puls*  is  at  the  far  left  hand  side  af  the  screen. 

5*1.3  Make  an  end,  leaving  approximately  7 ."6  cm  (3.0")  of  bar*  fiber 
exposed,  on  the  start  of  pull  of  the  fiber,  narked  SCP.  Us*  the  procedure 
af  Specification  !K-7J-211,JT0  •  Visual  confirmation  af  room  light 
reflection  from  the  entire  fiber  and  face  is  adequate  to  assure  a  suitable  end. 

5.1.9  Apply  TV  Corona  Dope  aver  approximately  5.1  cm  (2.0")  of  the  bare 
fiber,  being  careful  not  to  contaminate  the  end.  This  will  resove  light 
propagating  in  the  fiber  cladding. 

5.1.10  Clean  dust  particles  from  the  end  face  by  touching  the  end  face  to 
the  sticky  surface  of  a  piece  of  tasking  tap*.  Place  the  fiber  end  in  the 
3-axis  positioner  so  that  the  end  fao*  is  flush  with  the  end  of  the  fixture 
groove. 

5.1.11  turn  off  room  lights  asd  view  the  end  of  the  fiber  with  the  image 
imtansifier. 

5.1.12  Maximize  the  intensity  of  the  image  by  adjusting  the  5-axis  positioner. 

5-1.13  Turn  on  the  APD  power  supply,  ?S2.  Set  ?SZ  control  switch  to  "standby" 
position.  Place  this  3-exis  positioner  la  front  of  the  APD  detector  lens 
train  and  against  the  stops.  Check  that  ?S2  is  set  to  200  7  or  the  voltage 
specified  for  the  device  in  us*,  turn  PS2  control  switch  to  "on”  position. 

5.1. 1U  Prom  the  estimated  length  as  supplied  with  the  fiber,  estimate  the 
delay  from  the  table  on  the  wall  of  the  laboratory.  Sat  the  controls  on  the 
DDG  to  the  approximate  delay.  Adjust  until  the  puls*  is  visible  on  the  scop*. 

5.1.15  Adjust  the  3-exis  positioner  for  taxings  intensity  and  record  the 
delay  (In  nanoseconds)  from  the  digital  daisy  generator.  Add  130  ns  to  the 
delay  time,  this  is  due  to  the  internal  preset  delay  of  the  dispersion 
pulse  controller. 

5*1.16  Adjust  the  3-exis  nleropositieaar  to  asxlmic*  the  total  area  of  the 
signal,  as  viewed  on  the  sampling  oscilloscope. 

5.1.17  3pr*ad  the  curve  for  beat  viewing  by  adjusting  the  inches*  to  tb* 
appropriate  seal*.  Adjust  the  5-axis  positioner  to  naximi aa  the  area  of 
the  curve. 


5.1.13  Adjust  th*  laser 

rCt  aviso*  MO  BBWflM 
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1. 1. 13  3«t  tit*  sampling  oscilloscope  scut  on  "nanuai.” 


5-1.20  Tara  tit*  switch  a f  th*  X-T  recorder  to  tit*  "SStTO"  position.  Adjust 
tit*  trace  contrail  on  tit*  sampling  osciolloscop*  to  fit  tit*  X-'i  r*e order, 
titan  tarn  th*  scan  to  tit*  far  lift. 


5-1-21  Sat  th*  pan  dovn  and  tarn  th*  "TSt”  switch  to  th*  ”00 WTJ"  poaition. 

5-1-22  Adjust  th*  scan  control  on  th*  sampling  oacillaaeop*  to  oak*  on* 
trae*. 

5-1-23  lift  th*  pas  and  ratara  It  to  th*  left  sid*  with  th*  seas  control. 

5.1.2b  Radon*  th*  laa«r  woltag#  on*  volt  and  oak*  a  sacocd  seas. 

5.1.23  3*eard  th*  tv««p  rang*  sattiag  is  na/in.  (1  4iotllisosp*-iiri'»i  in 
on.  X It.  ranordmrt  outputs ) 

5.1.26  Racord  th*  right  chasnal  roltag*  is  nV/in. 


5-1-27  Initial  th*  shaat  in  upper  right  hand  cottar.  Sat  both  povar 
auppli**,  ?S1  and  ?S2,  to  standby  position. 

5-1-28  Turn  off  both  povar  supplies ,  the  digital  delay  generator  and  tha 
sampling  oaclllascope,  if  no  further  work  ia  scheduled. 


5.2  Data  Reduction  Procedure 


5.2.1  Referencing  the  graph  obtalnad  ia  tha  dispersion  aeaaursment ,  call 
th*  uppar  trae*  th*  laaar  trae*  and  th*  lovar  trae*  th*  123  trace. 

5.2.2  (Step  Index  Titers  Only)  Orav  a  straight  lias  between  the  and  points 
of  the  LSD  trace,  call  this  lie*  th*  baa*  lin*. 

5-2-3  (<3rsd*d  Index  Piters  Only)  With  the  7eraier  calipers,  find  the 

taxi  mm  vertical  separation  (d^nax)  between  the  laser  trace  and  the  LZ3  trace. 

5-2-b  (Step  Index  Fibers  Only)  Vlth  th*  Vernier  calipars,  find  th* 
lasxlnam  vertical  separation  (d^nax)  between  the  laser  trace  and  tha  oaaaline. 

5-2.5  Calculate  the  vertical  separation  corresponding  to  the  specifier 
aagaltude  (S  peak)  suit i plying  th*  peak  rartiei*  separation,  d  max,  ty  '  teak  . 

100 


5-2.6  Sat  the  calip«rs  at  th*  specified  separation  between  the  two  curves. 

5.2.7  Find  th*  two  points  that  haw*  tha  sasa  vertical  separation  between 
th*  curve*  a*  th*  new  caliper  setting  and  nark  than. 


5.2.8  Measure  the  horizontal  distance  between  these  two  points.  Multiply 
this  maker  by  th*  sweep  range  setting  in  nanoseconds.  Record  this  number 
on  th*  ah*«t.  Call  this  number  th*  output  puls*  width,  V  . 
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1.2.9  Stride  til*  1*1*7,  la  aiaroaecaada ,  by  k.)k  it  fa.  tad  record  tSlJ 
amb«r  **  the  length  la  hilaaeteri. 

5.2.10  Find  tb*  iiaperaian  by  Main*  tb*  faraui* 


D(*rf)  "  u  s  V  -  V  2 
a  1 

vb*r*  1  la  tb*  length  af  tb*  fiber  jreriomly  aaleulated  la  kilometer* ,  v 
la  tb*  width  la  aaaoaaeeada  af  tb*  output  pula*,  a  la  tb*  aagaitud*  0 
percent***  vber*  tb*  dlaparaioa  la  a**ais*d,  tad  V,  la  tb*  laput  pula* 
width  (provided).  Record  tb*  dlaparalaa  la  aaaoaaSooda  per  kilorater  an 
tb*  abaeic  tad  aa  tb*  atteouatlan  sheet  which  tccoapaaiea  tb*  fiber. 
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